Pseudomonas fluorescens 2112, isolated in Korea as an indigenous antagonistic bacteria, can produce 2,4-diacetylphloroglucinol (2,4-DAPG) and the siderophore pyoveridin 2112 for the control of phytophthora blight of red-pepper. P. fluorescens 2112 was classified into a new genotype C among the 17 genotypes of 2,4-DAPG producers, by phlD restriction fragment length polymorphism (RFLP). The colonizing ability of P. fluorescens 2112 in pea rhizosphere was equal to the well-known pea colonizers, P. fluorescens Q8r1 (genotype D) and MVP1-4 (genotype P), after 6 cycling cultivations for 18 weeks. Four tested 2,4-DAPG-producing Pseudomonas spp. could colonize with about a 96% dominance ratio against total bacteria in pea rhizosphere. The strain P. fluorescens 2112 was as good a colonizer as other Pseudomonas spp. genotypes in pea plant growth-promoting rhizobacteria.
Plant growth-promoting rhizobacteria (PGPR) can increase crop productivity by plant growth promotion and/or biological control of plant disease. Rhizobacteria are the subset of rhizosphere bacteria that exhibit root colonization [3] . Root colonization is an important and active process that may involve multiplication in or on roots as part of a competitive indigenous microflora [4] . In a previous study, Pseudomonas fluorescens 2112 was selected and identified from a red-pepper field soil in South Korea as a powerful biocontrol agent for the control of phytophthora blight and as a potential PGPR strain for the growth of pepper [8] . The strain produces an antifungal agent designated 2,4-diacetylphloroglucinol (2,4-DAPG) and a siderophore called pyoveridin 2112 [9, 10] . To date, several dozen strains of 2,4-DAPG-producing P. fluorescens spp. have been investigated concerning their biocontrol capability, production of antifungal metabolites, root colonization ability, and population monitoring by researchers at the United States Department of Agriculture-Agriculture Research Station (USDA-ARS) and Washington State University [1, 5-7, 14, 16, 17, 19, 20] . Rhizosphere colonization has also been monitored in several crops to discern population dynamics [2, 11, 12, 18, [21] [22] [23] McSpadden Gardener et al. [17] identified 17 genotypes of phlD, the main gene for 2,4-DAPG production, by restriction fragment length polymorphism (RFLP) using repetitive-polymerase chain reaction (PCR) and phlD-PCR from terminal dilution culture (TDC) wells of strains grown in King's medium B supplemented with rifampicin, ampicillin, chloramphenicol, and cyclohexamide. As well, to monitor rhizosphere populations of PGPR Pseudomonas spp., a rapid polymerase chain reaction (PCR)-based assay characterizing rhizosphere populations of 2,4-DAPG bacteria was used [16] . Among the 17 genotypes of 2,4-DAPG-producing Pseudomonas fluorescens spp., genotype P (MVP1-4) and D (Q8r1) strains were confirmed as superior in colonizing the roots of pea plants [5] .
In this study, we determined the genotype of the Korean 2,4-DAPG producer, P. fluorescens 2112, and compared the pea plant root colonization competitiveness of this strain with genotypes P and D. We also monitored the changes of population dynamics of the strain density in pea rhizosphere during successive cycling. 
MATERIALS AND METHODS

Soil and Plant
The soil used in this study was collected in a non-cropped native vegetation area of Quincy, Washington, USA, in 2002. The soil was taken from the upper 30 cm of the soil profile, air-dried, and passed through a 0.5 cm mesh screen prior to use. The pea (Pisum sativum L) cultivars used in this study were Columbian and were harvested in 2003 in Washington State.
Bacterial Strains and Growth Media
Four 2,4-DAPG-producing (phlD + ) P. fluorescens strains were used. P. fluorescens STAD384 (genotype C), P. fluorescens MVP 1-4 (genotype P), and P. fluorescens Q8r1 (genotype D) were obtained from the collections of the USDA-ARS and Washington State University. Genotypes P and D were confirmed to be the best colonizing strains for pea rhizosphere [5] . Strain STAD384 was isolated in the wheat rhizosphere of plants obtained in 1997 from Oklahoma, USA; other than genotyping, less is known of this strain. Strains were cultured in a modified medium for Pseudomonas spp., consisting of one-third strength King's broth medium B (1/3 KMB) supplemented with ampicillin (40 µg/ml), chloramphenicol (13 µl/ml), and cyclohexamide (100 µg/ml, 1/3× KMB) [16] . Inoculated DAPG-producing strains were isolated and cultured in 1/3 KMB 3+ supplemented with rifampicin (100 µg/ml) (1/3× KMB 3+ rif).
Soil Cycling of Pea Cultivation
Pseudomonas spp. were inoculated into soil with the bacterial suspension in 1% methylcellulose solution [5] to establish an initial population density of approximately 10 4 CFU/g fresh weight of soil. Each pot (3 × 3 in 2 ) was filled with 200 g of inoculated soil or noninoculated soil. Five pea seeds were sown, and the seeds were covered with the same inoculated soil. Each pot received 33 ml or 2.5 mg/ml metalaxyl solution (active ingredient) after sowing for the control of Phythium root rot. Pea plants were grown in a 22 o C growth chamber with the 12-h photo-period after 5-day-old seedlings that had been emerging in a plastic bag in the same chamber.
Plants were watered with 30 ml of tap water every day, and once a week, 30 ml of a fertilizer solution (Miracle-Grow) was applied. The bacteria were not inoculated into soil except at the beginning of the first cycle. Two plants were selected randomly from the five plants in each three pots after 3 weeks of cultivation to determine the rhizosphere-colonizing population density of the inoculated 2,4-DAPG-producing Pseudomonas spp. The cycled soil was reused in the pots and sown with five pea seeds for the next 3 successive weekly cycles.
Population Density of Inoculated 2,4-DAPG Producer
The 2,4-DAPG-producing Pseudomonas spp. of rhizosphere or pot soil were determined by the phlD-specific PCR-based TDC method [5] . Soil, rhizosphere soil, or cycled pea roots were harvested in a 50 ml capped tube and the bacteria were extracted with 15 ml of autoclaved distilled water (10 ml for soil). The tubes were vortexed and sonicated for 1 min. Extracted solutions of 100 µl were serially diluted in a 96-well microtiter plate prefilled with 200 µl of autoclaved distilled water per well to a dilution of 3
. Fifty microliter aliquots of the TDC dilution were inoculated to each well of a 96-well plate containing 200 µl of 1/3 KMB 3+ rif or 1/10 TSB + . The inoculated plates were incubated at room temperature (24 ± 1 o C), and their growth was measured using a Dynatech MR 500 microplate reader after 48 h (1/10 TSB + ) or 72 h (1/3 KMB 3+ rif). An optical density at 600 nm of ≥0.07 was scored as positive. Pseudomonas spp. of the TDC that scored positive growth was confirmed to contain phlD by PCR with the primers of B2BF and BPR4 [16] . Consequently, produced phlDs were determined by their genotypes using RFLP analysis with MspI and HaeIII. The TDCs of phlD were used to calculate the population density of the phlD + bacteria in the rhizosphere [16] .
Population Density of Total Bacteria
The density of total culturable bacteria was determined by inoculating 50 µl aliquots from the one-third times serially diluted (3 -16 ) rhizosphere extracts into the microtiter plates containing onetenth strength tryptic soy broth (1/10 TSB) supplemented with 100 µg/ml cyclohexamide. Bacterial growth after 48 h at an OD 600 ≥ 0.07 was scored as positive.
PCR Amplification and Genotyping by RFLP Analysis of phlD
In order to amplify the phlD gene of 2,4-DAPG-producing Pseudomonas spp., 35 PCR cycles were performed using oligonucleotides in a MJ Research PTC-200 apparatus. The genotypes of phlD + strains were determined by RFLP fingerprinting assay of PCR-amplified products after digestion with HaeIII, MspI, and TaqI.
For genotyping, a fresh colony on a LB plate was used as the PCR template. For the confirmation of dominant genotype strain in the rhizosphere, a cell suspension of TDC of harvested pea rhizosphere soil after 3 weeks of cultivation was used. PCR products were confirmed in 0.8% agarose gel in 0.5× Tris-borate-EDTA (TBE) buffer at 80 V. For RFLP analysis, 8 µl of PCR products was digested with each restriction enzyme at 37 o C for 3 h. Digested fragments were analyzed on 2% agarose gels. Gel images were taken by a Kodak DC 120 digital imaging system.
Statistical Analysis
The rhizosphere population of 2,4-DAPG-producing Pseudomonas spp. was converted to log colony forming units (CFU)/g weight of soil or fresh weight of root. The data were analyzed using STATISTIX 8.0 (Analytical Software).
RESULTS
phlD Gene and Genotype of P. fluorescens 2112 P. fluorescens 2112 displayed a phlD gene PCR product that was slightly larger (628 bp) than 600 bp, and the size was the same as in the P. fluorescens Q8r1 and MVP1-4 strains acquired from an American 2,4-DAPG producer collection (Fig. 1) . The phlD genotype of P. fluorescens 2112 was confirmed to be genotype C among the 17 different phlD genotypes of 2,4-DAPG-producing fluorescent Pseudomonas spp. by RFLP analysis with HaeI, MspI, and TaqI digestion; TaqI-digested fragments of P. fluorescens 2112 were visualized as small bands of about 100 bp and as a larger band, identical to the pattern displayed by P. fluorescens STAD 374 (genotype C).
